Introduction
The halo nuclei, which have weakly bound nucleons and a large radius, have recently raised a great deal of experimental and theoretical interest over their internal structures and interaction dynamics [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The elastic scattering of 6 He nucleus from heavy-ions such as 197 Au and 208 Pb is interesting because of its halo structure. When the 6 He projectile approaches the target nuclei, the 6 He halo nucleus is exposed to a break-up reaction since the 6 He nucleus has two weak bound neutrons and the target nuclei have extremely high charge densities. The angular distributions of the elastic scattering data of the 6 He+ 208 Pb and 6 He+ 197 Au systems do not show * E-mail: bayrak@akdeniz.edu.tr the Fresnel-type peak [9, 10, 13, 14] due to the strong Coulomb break-up of the 6 He nucleus although the phenomenological calculations have predicted a Fresnel-type peak. Recently, Kucuk et. al [10] have shown that these peaks can be destroyed when the Coulomb break-up effect is taken into account by using Continuum Discretized Coupled Channels (CDCC) calculations. In this paper, we show that the angular distributions of the elastic scattering data of 6 He+ 208 Pb and the 6 He+ 197 Au systems can be explained successfully by using a simple method, the McIntyre parametrization, without any other complicated calculations. The McIntyre parametrization model, a modification of the Blair approximation [15] , was proposed by McIntyre et. al [16] and successfully applied to the scattering of α particle from Ni nuclei at E Lab =22 MeV. McIntyre parametrization has been successfully applied to a range of problems: to the elastic scattering cross-section of the 12 C+ 12 C system by Mermaz et. al [17] for 360 and 1016 MeV incident energies; Mermaz et. al [18] have also investigated the experimental cross-section data of the elastic scattering of 12 C from 12 C and 208 Pb at 1449 and 2400 MeV beam energies, respectively. Cha [19] has explained the elastic scattering data of the 12 C+ 12 C system at beam energies ranging from 240 MeV to 2400 MeV using McIntyre parametrization. Cha et. al [20] have also examined the elastic scattering data of the 12 
The model
The McIntyre parametrization is presented in detail in Ref [16] [17] [18] [19] . This method can not determine what shape of the nuclear potential is, but it can determine how shape of the S-matrix is by parameterizing the S-matrix in order to fit the elastic scattering data. The McIntyre parametrization relates the S-matrix to the phase shift as follows:
and the nuclear phase shift is given by
½½¼ Figure 2 . Variation of the S-matrix (Fig.2 a) , the Argand diagram ( Fig.2 b) and the deflection function (Fig.2 c) according to angular momentum quantum number L for 6 He+ 208 Pb systems at E Lab =27MeV. In Fig.2 where L and ∆ are the grazing angular momentum and the angular momentum width; L ′ and ∆ ′ are the phase grazing angular momentum and the phase angular momentum width. We can easily determine the cross section of the elastic scattering data for a given system by parameterizing the S-matrix to obtain the best fitting L , ∆, L ′ , ∆ ′ and parameters. The grazing angular momentum and its width are given by
where , R 1/2 , η and are the wave number, the strong absorption radius, the Sommerfeld parameter [22] and the diffusivity, respectively. The strong absorption radius can be written as
where 1/2 is the reduced radius of the strong absorption radius. The phase grazing angular momentum and its width are given by
where R and the phase radius and the phase diffusivity, respectively. The phase radius is similar to the strong absorbtion radius as follows:
½½½ where is the reduced radius of the phase radius.
The scattering amplitude is given by [22] (θ) = (θ) + 1 2
and the Coulomb scattering amplitude is
where θ and P L (cos θ) are the Legendre polynomials and the scattering angle respectively. Here, 2 = 2µE 2 and E is the center-of-mass energy. The reduced mass is µ = A ×A A +A . Here, A , A and are the atomic mass numbers of projectile and target nuclei and the atomic mass unit, respectively. The Coulomb phase shift σ L depends on the angular momentum quantum number L, and is given by σ 0 = A Γ(1 + η) for L = 0. The Coulomb phase shift has following recursion relations:
The Sommerfeld parameter is η=
Here, Z and Z are the charges of the projectile and the target nuclei, respectively. It is known that the behavior of the cross section is Fraunhofer type if the Sommerfeld parameter is η ≤1. On the other hand, if the Sommerfeld parameter is η >>1, the behavior of the cross section is of the Fresnel type [22] . The differential cross section is σ (θ) = | (θ)| 2 . The reaction cross section is given by
After determining the Coulomb and the nuclear phase shifts, the deflection function can be obtained as
Here, 2
are the Coulomb and nuclear deflection functions [22] [23] [24] . If the deflection function has a maximum or minimum, θ L / L = 0, this case called a rainbow by analogy to the rainbows in meteorological optics. The nuclear rainbow occurs at the negative angle of the deflection function in consequence of the nuclear attraction and the Coulomb rainbow occur at the positive angle of the deflection function in consequence of the Coulomb repulsion [22] . There is a relation between the grazing angular momentum L and the grazing deflection function θ as follows
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The χ 2 values which determine the quality of the fit between the experimental data and our theoretical results have been calculated by using the following equation
where N, σ (θ ) , σ (θ ) and ∆σ (θ ) are the number of data points, the calculated and the experimental cross sections and the experimental error respectively.
Results and discussions
The elastic scattering data of the 6 He+ 208 Pb system have been measured by Kakuee et. al [13, 14] and analyzed by using the optical model. We have examined the elastic scattering cross section data of the 6 He+ 208 Pb system at E Lab =27 MeV. In order to obtain the best-fit parameters of the S-matrix, we have systematically conducted χ 2 /N calculations, which show the quality of the fit, by changing the S-matrix parameters. The results of this systematic search are shown in Fig. 1 are optimized for the S-matrix. As Fig. 1 shows for the 6 He+ 208 Pb system, the optimal values of L and L ′ are 8.5 and 3.2. After that, we fixed L =8.5, L ′ =3.2 and =7.5, and varied ∆ and ∆ ′ in steps of 0 1 as shown in Fig. 1 . We thus obtained ∆=8.6 and ∆ ′ =5.6. We also varied in steps of 0 1 while holding all of the other parameters fixed, and obtained = 7 5. The χ 2 /N values of the 6 He+ 208 Pb system are small, as presented in Table 1 . By using these S-matrix parameters, we calculated the reaction parameters of the 6 He+ 208 Pb system as given in Table 1 . The table shows that the diffusivity parameter , which depends on L and ∆, is large ( = 1 819). This case indicates the long-range absorption mechanisms observed in Refs. [8, 13, 14] , and that the phenomenological optical model calculations without the dipole polarizability (DP) require a large imaginary diffuseness parameter ( = 1 75) for the 6 He+ 208 Pb system at E Lab =27 MeV. Moreover, the 6 He+ 208 Pb system has neither Coulomb rainbow angle (θ Coulomb ) nor nuclear rainbow angle (θ nuclear ) at E Lab =27 MeV for our fitted S-matrix parameters. By using the Smatrix parameters, we also determine the S-matrix, the Argand diagram and the deflection function in Figure 2 . As Figure 2(a) shows, the S-matrix converges smoothly to unity as angular momentum increases. In Figure 2(b) , the Argand diagram starts near zero and shows that phase increases with angular momentum, but converges as angular momentum becomes very high. The deflection function exponentially decays, and has neither a minimum nor maximum for any angular momentum quantum number L as showin in Figure 2 (c). Consequently, we say that the elastic scattering of the 6 He+ 208 Pb system exhibits neither nuclear nor Coulomb rainbow scattering at E Lab =27 MeV. The shape of the deflection function is similar to that of the Coulomb deflection function. Therefore, the elastic scattering cross section of 6 He+ 208 Pb system has a Coulomb-type cross section at E Lab =27 MeV. This case might be seen in the angular distribution of the elastic scattering. In Figure 3 , the experimental data of the elastic scattering cross-sections of the 6 He+ 208 Pb system are compared with the obtained theoretical results. We plot the angular distribution of the theoretical cross section over whole angles (from θ = 0 to 180
• ) in Figure 3 in order to see whether some parameter choices lead to an unphysical increase in the cross-sections. Our plot shows that the experimental data and the McIntyre parametrization results of the 6 He+ 208 Pb system agree well. Moreover, since the Sommerfeld parameter is η ≫ 1, the angular distribution of the elastic scattering of the 6 He+ 208 Pb system has a Fresnel-type diffraction pattern [9, 10, 13, 14] and the 6 He projectile is under a strong Coulomb field as it is seen in Figure 3 . The elastic scattering cross section [13, 14] and examined with in the framework of the optical model. We have investigated the angular distribution of the elastic scattering data of the same system within the framework of the McIntyre parametrization method, using the same variational methods to fit S-matrix parameters for the 6 He+ 197 Au system. As shown in Fig. 1 , the optimal values are L =8.6, L ′ =9.4, ∆=7.9, ∆ ′ =4.9 and =2.5. By using these S-matrix parameters, we have calculated the reaction parameters of 6 He+ 197 Au system as given in Table 1. The diffusivity parameter is large ( = 1 729) also for this system. This shows a long range absorption mechanisms [8, 13, 14] . Refs [8, 13, 14] show that, without the dipole polarizability (DP), the phenomenological optical model requires the large imaginary diffuseness parameter ( = 1 75) for 6 He+ 197 Au system at E Lab =27 MeV. By using the S-matrix parameters, we plot the S-matrix, the Argand diagram and the deflection function in Figure 4 . Since the deflection function of the 6 He+ 197 Au system decreases smoothly and has neither maxima nor minima, the 6 He+ 197 Au system has neither nuclear nor Coulomb rainbow scattering at E Lab =27 MeV. The angular distribution of the elastic scattering data of the 6 He+ 197 Au system is compared with the McIntyre parametrization calculation in Figure 3 . As shown by Figure 3 and the χ 2 value, we have obtained an excellent agreement between the theoretical results and the experimental data. The reaction cross-section of the 6 He+ 197 Au system is calculated as σ R =3697 6 mb and its peak value is σ R (peak)=139 392 mb at L peak =14.
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Conclusion
In summary: we have examined the angular distributions of elastic scattering data of the 6 He+ 208 Pb and the 6 He+ 197 Au systems by using the McIntyre parametrization at E Lab =27 MeV.
In order to find the optimum values of the S-matrix parameters, we systematically investigated the χ 2 /N analysis of both systems and have obtained excellent agreement between the experimental elastic scattering data and the theoretical results without any other complicated calculations.
To find the best fit parameters, the diffusivity parameters should be large for both the 6 He+ 208 Pb and the 6 He+ 197 Au systems that, in this case, indicates the long range absorption mechanisms.
It has been shown in Refs. [8, 13, 14] that the phenomenology optical model calculations without dipole polarizability (DP) require a large imaginary diffuseness parameter. This indicates evidence for long range absorption mechanisms for the 6 
